Introduction: The development and spread of Plasmodium falciparum resistance to most commonly used antimalarials remain a major challenge in the control of malaria. Constant monitoring of drug efficacy is an important tool in establishing rational antimalarial drug policies. Methodology: A randomized comparative study was conducted at the Wesley Guild Hospital, Ilesa, Nigeria between February 2010 and September 2011 comparing the efficacy and safety of artemether-lumefantrine (Coartem) and fixed dose of artesunate plus amodiaquine (Larimal) in the treatment of uncomplicated P. falciparum malaria in children betweem 6 and 144 months of age. P. falciparum malaria parasitemia was assessed by microscopy and rapid diagnostic test. Drugs were administered according to age for three days under supervision. The primary efficacy endpoint was a day 28 PCR-corrected parasitological cure. Results: A total of 182 patients were enrolled in the two treatment groups, Coartem (n = 101) and Larimal (n = 81), and tested after 28 days. In the intention-to-treat population, Coartem (n= 101) and Larimal (n= 81) had a PCR-corrected cure rate of 98% and 100% respectively, while in the per-protocol population, Coartem (n = 89) and Larimal (n = 71) both had a PCR-corrected cure rate of 100% at day 28. Although parasite and fever clearance time was faster in the Larimal group, no significant difference was observed between the two drugs. No serious adverse effects were reported. Conclusion: Five years after being introduced in Nigeria, both Coartem and Larimal have been shown to be safe and highly effective in the treatment of uncomplicated P. falciparum malaria in children.
Introduction
The emergence and spread of drug-resistant Plasmodium falciparum continue to make malaria a major public health concern. Children and pregnant women living in tropical regions and non-immune travelers to malaria-endemic areas account for the highest morbidity and mortality resulting from malaria [1, 2] . Due to the high level of parasite resistance to cheap and widely available chloroquine and sulfadoxine-pyrimethamine, artemisinin-based combination therapies (ACTs) have now replaced those failing drugs in order to combat the growing drug resistance. Artemisinin derivatives have short half-lives and are noted for their rapid reduction of parasite biomass resulting in a clinical and parasitological cure. An exception is at the ThaiCambodia border, where oral artemisinin-based monotherapies have been used for a long time [3, 4] , artemisinin resistance has not been reported elsewhere. Artemisinin is an effective replacement for chloroquine and sulfadoxine-pyrimethamine. The World Health Organisation (WHO) recommends that artemisinin should not be used as monotherapy but in combination with other drugs with long half-lives. The fixed-dose ACT, artemether-lumefantrine (Coartem) remains very effective and well tolerated. Other antimalarials such as amodiaquine, sulfadoxinepyrimethamine, and mefloquine are used as partner drugs for artemisinin to prevent the development of resistance.
In 2005, the Nigerian government changed its policy for the treatment of uncomplicated malaria. Artemether-lumefantrine and artesunate-amodiaquine replaced chloroquine and sulfadoxine-pyrimethamine as the first line treatment [5] . Currently, artemetherlumefantrine (Coartem) and artesunate-amodiaquine (Larimal) are the most widely used among the ACTs currently available in Nigeria. A few years after the policy change, chloroquine and sulfadoxinepyrimethamine were still being widely used among the populace [6] . With increased efforts to raise awareness of appropriate malaria treatment, ACTs are now being widely used. Clinical trials of ACTs in different parts of Nigeria since its introduction have shown good efficacy and tolerability of ACTs in the treatment of uncomplicated malaria in children [7, 8] . The high cure rates of ACTs have also been confirmed in different studies across sub-Saharan Africa [9] .
Currently, ACT remains the most effective treatment for malaria; resistance to artemisinin and its derivatives would have a devastating effect on global malaria control. Constant diligent surveillance with the aim of monitoring the susceptibility of malaria parasites to artemisinin, its derivatives, and partner drugs in endemic areas is therefore essential. To date, no molecular marker has been identified for the monitoring of artemisinin and its derivatives [10] ; therefore, effective monitoring still relies largely on in vivo studies with adequate follow-up.
Increased drug usage is known to significantly contribute to drug resistance. It is expected that as more people use a drug, the possibility that parasite will be exposed to inadequate drug levels will increase, thereby leading to selection of resistant parasites [11] . The aim of this study was to evaluate the effectiveness and safety of Coartem and Larimal in Nigerian children five years after their continuous usage.
Methodology

Study site and patients
This study was conducted in Ilesa, Osun state, located in the southwestern part of Nigeria. Malaria is present throughout the year with a marked increase during the raining season (i.e. April through September). Febrile children (between 6 and 144 months of age) attending the Wesley Guild Hospital, Ilesa (a unit of the Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife) were screened for P. falciparum parasitaemia. The initial screening for P. falciparum was conducted using the rapid diagnostic kit Paracheck (Orchid Biomedical Systems, Goa, India). Children who tested positive for P. falciparum were recruited into the study. Other inclusion criteria included (1) no signs of severity or severe malaria (including severe anaemia defined by haemoglobin <5 g/dL), (2) no intake of antimalarial drugs in the preceding four weeks, and (3) informed consent from the patients' parent or guardian. Thick blood films were prepared from a finger prick, stained with 10% Giemsa stain and examined using x 1000 magnification of a light microscope for confirmation and parasite quantification. In addition, approximately 10 µL of blood was spotted on filter paper for parasite genotyping. Informed consent was obtained from each parent or legal guardian. Patients were excluded if they had signs of severe malaria, severe malnutrition, serious underlying diseases (renal, cardiac, or hepatic), or a known allergy to the study drugs. The study received ethical approval from the ethical review committee of the Obafemi Awolowo University Teaching Hospital Complex Ile Ife, Osun State, Nigeria.
Study procedures
This hospital-based open randomised clinical trial was conducted between February 2010 and September 2011, comparing three-day regimens of Coartem and Larima, with follow-ups after 28-days. Patients were enrolled, weighed, and randomised in blocks of 15 to receive Coartem or Larima. The number of patients included in this study was determined using the formula and a difference in the event rate of 0.10 was considered to be clinically relevant [12] . On the basis of a previous study in Nigeria, the cure rate of Coartem was estimated to be 96.5% [13] ; the cure rate of artesunate-amodiaquine was estimated to be 97.9% [7] . The minimum sample size for each experimental arm was determined to be approximately 40 patients. All doses were administered under direct supervision of the investigators. In the event of vomiting within 30 minutes of taking the drug, the dose was repeated. If vomiting occurred between 30 and 60 minutes after administration, half the dose was given. Patients who kept vomiting were withdrawn and the drug was administered intravenously to them.
Drug therapy and follow-up
Coartem was administered as 20 mg artemether/120 mg lumefantrine fixed-dose combination tablets (Novartis, Basel, Switzerland) twice daily as a three-day, six-dose regimen according to body weight (patients 5 -<15 kg were given one tablet; patients 15 -<25 kg were given two tablets); patients 25 -<35 kg were given three tablets). The second dose was administered eight hours after the first dose, according to manufacturer's guideline. Larimal was administered as 50mg artesunate/153 mg amodiaquine hydrochoride fixed dose combination tablets (Ipca, Mumbai, India) twice daily as a threedays, six-dose regimen according to body weight (patients 5 -<15 kg were given one tablet); patients 15 -<25 kg were given two tablets; patients 25 -<35 kg were given three tablets). The second dose was administered eight hours after the first dose. Subsequent follow-up appointments were scheduled for days 3, 7, 14, 21 and 28; blood film was examined during the follow-up periods. Blood was also collected on filter paper during the follow-up periods. During the follow-up visits, parents or caregivers were asked about the child's well-being, behavioral and developmental concerns, as well as open questions about possible side effects that had occurred since the last visit. The study physicians examined the children during the follow-up visits. The primary effectiveness outcomes were the 28-days risks of recurrent symptomatic malaria unadjusted and adjusted by genotyping. The comparative tolerability of the drugs was assessed by the risk an adverse event (AE). A serious adverse event was defined as any AE that was life threatening, resulted in death or in a persistent or significant disability or incapacity, , or required hospitalization or significant medical intervention to prevent a serious outcome; this was assessed as recommended by WHO [14] .
Parasite genotyping
Parasite genomic DNA was extracted from blood samples spotted on filter paper using QIAamp DNA blood kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. P falciparum DNA were analyzed by nested polymerase chain reaction (PCR) using oligonucleotide primers for the conserved regions of merozoite surface protein 2 (MSP2) as well as oligonucleotides for FC27 and 3D7 specific family alleles, as described previously [15, 16] .
Data analysis
Data were analyzed using JMP version 5 for Windows. The intention-to-treat group included all randomized participants who took at least one full dose, had one post-baseline efficacy assessment without any major protocol violations such as wrong dosage or wrong use of non-assigned drug, and completed follow-up until day 21. The per-protocol analysis included patients who received the three doses and had no major protocol violation up to day 28. Those who did not follow up or who withdrew consent were excluded from the per-protocol analysis. The primary endpoint was adequate clinical and parasitological response (ACPR), defined as the absence of parasitemia on day 28 irrespective of auxillary temperature without previously meeting the criteria for early treatment, late clinical failure, or late parasitological failure. The secondary endpoints were comparisons of the side effects and fever and parasite clearance of the two treatments. Groups were compared using the chi-square test or Fisher's exact test for qualitative outcome and the Student's t-test for quantitative outcome when applicable. A p-value (two-sided) of < 0.05 was considered statistically significant.
Results
Demographic data
A total of 380 children were screened; 182 patients positive for P. falciparum infection determined by RDT and thick blood films that fulfilled inclusion criteria were randomized, as shown in Figure 1 . There was no significant difference in the mean age of the children in the two study groups. There were no significant differences in the other baseline characteristics of the two treatment groups (Table 1 ). 
Therapeutic efficacy
Adjusted and unadjusted treatment outcome was available for 182 children in the intention-to-treat (ITT) and for 160 children in the per-protocol (PP) analysis. No early treatment failure (ETF) was observed in either study group. Adequate clinical and parasitological responses were similarly high in both treatment groups (Table 2) . Two children in the Coartem study group had crude parasitological failure on day 28 and were classified as new infections after confirmation with PCR; no crude parasitological failure was observed in the Larimal treatment group. In the ITT and PP analysis, the PCR-adjusted cure rate on day 28 was 100% for both drugs.
Parasite and fever clearance
The number of days to clear parasites was similar in the two groups, but relatively faster in the Larimal group (Figure 2 ). No significant difference was observed in fever clearance time between the two groups, although the number of fever cases was lower in the Larimal group after 24 hours. After 48 hours, there were no fever cases in either group (data not shown).
Tolerability and safety
Overall, Coartem and Larimal were well tolerated in this study. None of the patients presented with serious adverse events that necessitated withdrawal from the study or hospitalization. Adverse effects associated with the gastrointestinal tract such as vomiting (20%), diarrhoea (5.8%,) and abdominal pain (5.9%) were the most common effects considered to be treatment-related by the investigators. Allergies (scratching) also appeared in 17.3% of the patients. Overall, adverse events were more frequent in the Larimal group (21.8%) compared to the Coartem group (14.8%), but the difference was not significant (Table 3) .
Discussion
The present study evaluated the efficacy of Coartem and Larimal in Nigeria five years after their introduction as first-line antimalarial treatments. Overall, the study showed a high efficacy of the two forms of ACTs in Nigerian children; the PCR-adjusted cure rate on day 28 was 100% in both treatment groups. These results are in agreement with earlier studies in Nigeria that have shown both combinations to be safe and well tolerated [7, 8, 17] and are also consistent with the high cure rates that have been reported for ACT in other malaria-endemic areas of Africa [18] [19] [20] . Artemisinin and related endo-peroxide antimalarials act rapidly by clearing P. falciparum in the blood, thereby providing prompt therapy for severe infections [21] . Moreover, artemisinins are also active against parasites resistant to two major classes of antimalarials, quinolines and antifolates, thereby making them the most potent and effective antimalarials presently used [22] . As a drug that has a very short half-life, artemisinin cannot be used as monotherapy to treat uncomplicated malaria due to frequent recrudescence of infections after standard three-day treatments [23] . Therefore, the combination of artemisinin with longer-acting drugs is recommended to effectively treat uncomplicated malaria. Currently, artemether-lumefantrine and artesunate plus amodiaquine are the most widely available artemisinin combination drugs produced on a large scale with good manufacturing practices (GMP) [20] , and they have both been shown to have comparative efficacy in the treatment of all forms of malaria in sub-Saharan Africa. However, there have been some contrasting reports on the comparative performance of these drugs. Some studies have reported a marginally higher day 28 PCR-corrected cure rate for artemether-lumefantrine over artesunate plus amodiaquine as opposed to others. Generally, studies from eastern Africa [18, 24] seem to suggest that artemether-lumefantrine has more clinical benefits than artesunate plus amodiaquine, while studies from western Africa [17, 20] show that artesunate plus amodiaquine tend to have marginally better efficacy rates over artemether-lumefantrine. The reason for this The figure shows the percentage reduction of parasitaemia from the recruitment day (day 0) over the follow-up period of 28 days according to the per-protocol analysis observation needs to be further investigated. In the current study, cure rates on day 28 in ITT and PP analysis demonstrate the efficacy of both Coartem and Larimal in the treatment of uncomplicated malaria in Nigerian children. However, two re-infection cases were reported on the Coartem arm on day 28.
In the current study, the clinical safety in terms of adverse events and clinical laboratory findings were comparable in Coartem and Larimal, with no evidence of haematological and hepatic toxicity associated with the use of amodiaquine [25] . No serious adverse effects were observed in either treatment group, and the drugs were well tolerated, with comparable profiles. All the adverse effects reported resolved without needing any special treatment except for the use of analgesic (Paracetamol) for pain, antihistamine for allergies, and oral rehydration therapy (ORT) for diarrhoea. Larimal was well tolerated; only minor changes in safety parameters occurred, although the sample size may not have been sufficient to detect rare events. There was no indication of liver or hematological toxicity, the two toxicities that have caused fatalities in the past when amodiaquine was used as a prophylaxis [26, 27] . Fever and parasite clearance was comparable between the two treatment groups with both resolving rapidly within 48 hours of the initiation of treatment.
A high prevalence of the P. falciparum chloroquine-resistant transporter (pfcrt T76) gene and the P. falciparum multidrug (pfmdr1 Y86) gene has previously been reported in the study area [28, 29] , which could indicate the presence of potentially amodiaquine-resistant parasites [30] . This may raise a question about the long-term utility of amodiaquine as a partner drug for ACT in Nigeria. Although the impact of mutant pfcrt T76 and pfmdr1 Y86 allele prevalence on the treatment outcome in the study could not be assessed because there was no treatment failure, the artesunate plus amodiaquine combination has been associated with a high cure rate in areas where pfcrt K76T alleles are prevalent [31, 32] . Thus, the argument remains about whether the pfcrt and pfmdr1 chloroquine-resistant molecular markers can also be used as resistance markers for amodiaquine. A recent study in Burkina Faso [33] observed a weak association of pfcrt/pfmdr1 alleles with amodiaquine resistance, suggesting that these resistance markers may not be considered as an alternative to clinical trials in the evaluation of amodiaquine plus artesunate in the area. A suitable drug resistance marker has not yet been identified for the ACTs, and the monitoring of the efficacy of the drug will still have to rely largely on in vivo efficacy studies.
Conclusion
Five years after the introduction of ACTs in Nigeria, the two most commonly use ACTs still remain effective and safe for the treatment of uncomplicated falciparum malaria in children. While the search for effective malaria vaccine and vector control measures that will completely eradicate malaria in the sub-Saharan Africa continues, there is need for up-to-date, dynamic, and comparative data on anti-malarial drug efficacy and safety as chemotherapy still remains the cornerstone of malaria control.
